Introduction
There are only a few heat transfer correlations for internal flows in pipes and ducts which are valid in transition and turbulent regions [3, [5] [6] [7] [8] 12] . Based on the suggestion of Hausen, Gnielinski [5] superseded the Reynolds number Re by the term (Re -1000) in the heat transfer correlation to include the transitional region. A drawback of the Gnielinski correlation was the lack of the Nusselt number continuity for the Reynolds number Re = 2300, i.e. at the point at which the flow evolves from the laminar to transition region. In the later works 104 D. Taler, J. Taler [6] [7] Gnielinski developed a new calculation method in the transitional flow based on the linear interpolation of the Nusselt number between Re = 2300 and Re = 10000 taking into account the finite length of the tube. In this way, continuity of the Nusselt number was assured in the range from Re = 0 to Re = 1·10 7 . It turned out, however, that in the range of Reynolds numbers from Re = 4000 to 20000 values of Nusselt numbers calculated using the interpolation formula proposed by Gnielinski are too large. For this reason, he changed his formula [8] . A linear interpolation between the Nusselt numbers at Re = 2300 and Re = 4000, was proposed. The Nusselt number for Re = 2300 is calculated from wellknown correlations for the laminar flow and for Re = 4000 the Nusselt number is determined using the modified Pietukhov correlation in which Re was replaced by (Re-1000). The disadvantage of all interpolation functions proposed by Gnielinski [6] [7] [8] is the need to specify the value of the Reynolds number for the end of the interval, in which the flow is transitional. Experimental studies show that in the range of Reynolds numbers: 2300 < Re < 20000 the Nusselt numbers are much smaller than those calculated from the correlations used for turbulent flow. Tam and Ghajar [12] proposed correlations for the turbulent, laminar and the transition regions for three different tube inlet configurations: reentrant, square-edged and bell-mouth. They found that transition from laminar to turbulent flow occurred at Reynolds number of 2900 to 3500 for the reentrant, 3100 to 3700 for the squared-edge, and at 5100 to 6100 for the bellmouth. They developed correlations to predict the critical Reynolds numbers for the different inlets and correlations to predict heat transfer in the transition region of flow. All correlations are approximate and may possess errors as much as 25 percent or larger. In this paper, a new correlation for the Nusselt number Nu in terms of the friction factor ξ, Reynolds number Re and Prandtl number Re, which is valid for transitional and fully developed turbulent flow.
Mathematical formulation of the problem
At first, the Nusselt number as a function of Reynolds and Prandtl numbers will be calculated based on the solution of momentum and energy conservation equations for turbulent flow for Re > 3000. The turbulent velocity profile is computed by solving the momentum conservation equation
where: p -pressure, r -radius, x -cartesian coordinate, x w -time averaged velocity, ν -kinematic viscosity, ε τ -eddy diffusivity for momentum transfer (turbulent kinematic viscosity). 
Taking into account that the shear stress τ is defined as
Eq. (1) 
The solution to Eq. (7) should satisfy the boundary condition (2).The shear stress at the wall can be expressed as The friction factor ξ can be expressed in the form
To determine a velocity distribution ( ) x w r and friction coefficient ξ the eddy diffusivity for momentum transfer ε τ will be calculated using Reichardt's [9] empirical equations, which so far are most commonly used because of the high accuracy of the measurement data tanh , 50
where: R = r/r w , κ = 0.4 and 11
The dimensionless distance from the tube wall is defined as (7) with the boundary conditions (2) considering empirical Equations (11) and (12) . The velocity distribution can be determined also from the formula proposed by Reichardt based on experimental data [9] ( ) ( ) 2
where C = 7.8 is the constant. The advantage of the equation (14) is that it gives the velocity profile x w throughout the entire interval 0 ≤ ≤ w r r without division of the tube cross-section into subdomains. 
Taking into account that the heat flux at the tube wall w q & is constant, Eq. (15) can be transformed to the form
Rearranging Eq. (16) gives 
Equations (18) 
The system of ordinary differential Equation (7) and (18)- (19) with the boundary conditions (2) and (20)- (22) was solved using the finite difference method. The heat transfer coefficient at the inner surface of the tube α was then calculated as It was assumed that for 3000 Re ≤ the fluid flow in pipes with a smooth inner surface is turbulent. It results from the empirical formula proposed by Colebrook and White [11] and from the "Moody Chart" (Fig.1) which is based on the Colebrook-White formula. In addition, the condition Nu = 4.364 for Re = 2300 was imposed to ensure continuity of the Nusselt number on the boundary between laminar and transition flow. Hence, the form of the approximating function was assumed as for the turbulent flow in smooth pipes 
where the friction factor ξ is given by the Filonienko formula [5] ( ) 2 1.82log Re 1.64
The coefficients obtained by the least squares method are: 
The symbols d w and L w in Equations (29)- (30) denote inner or hydraulic diameter and the length of the channel, respectively. 
Comparison with experimental data
The various explicit formulas for turbulent friction factor, when the tube surface is smooth, are compared in Fig. 2 with the results obtained using Eq. (10) in conjunction with the formulas (11) and (12) . Furthermore, the friction factor was calculated from the formula (29) with experimental data by Buyukalaca et al. [2] and Eiamsa-Ard et al. [4] and the method of calculation proposed by Gnielinski [8] An inspection of the results shown in Fig. 2 indicates that for small Reynolds numbers the use of the experimental velocity distribution (14) given by Reichardt to calculate the friction factor ξ for small Reynolds numbers gives very satisfactory results. The formula (29) proposed in this paper is compared in Figures 3-5 with experimental data available in literature.
The comparisons presented in Figures 3-5 show that Eq. (29) gives results which are in good agreement with the experimental data. From the analysis of Fig. 6 . Comparison of the results obtained using formula (29) and the method of calculation proposed by Gnielinski [8] the results presented in Fig.6 it can be seen that the new linear interpolation between the equations for laminar and turbulent flow in the transition region developed recently by Gnielinski exhibits unusual behavior for short pipes.
Conclusion
A new equation for the Nusselt number for transition and turbulent flow in channels has been proposed. The heat transfer equation developed in the paper approximates very well experimental data.
